To examine how long-term patterns of weight change affect the risk for diabetes, especially non-insulindependent diabetes mellitus, the authors examined the relation of weight change over a period of about 10 years (from the baseline examination in 1971-1975 until the first follow-up examination in [1982][1983][1984] to the 9-year incidence of diabetes mellitus (1984)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992) in a national cohort of 8,545 US adults from the National Health and Nutrition Examination Survey Epidemiologic Followup Study. Diabetes incidence was identified from death certificates, hospitalization and nursing home records, and self-report. In this cohort, 487 participants developed diabetes. The hazard ratios were 2.11 (95% confidence interval (Cl) 1.40-3.18) for participants who gained 5-<8 kg , 1.19 (95% Cl 0.75-1.89) for participants who gained 8-<11 kg, 2.57 (95% Cl 1.84-3.85) for participants who gained 11-<20 kg, and 3.85 (95% Cl 2.04-7.22) for participants who gained 20 kg or more compared with participants whose weights remained relatively stable. The authors found no evidence that the results differed by age, sex, or race. They estimated that the population attributable risk was 27% for weight increases of 5 kg or more. Results from this study and other recent studies suggest that the increase in body mass index in the United States that occurred during the 1980s may portend an increase in the incidence of non-insulin-dependent diabetes mellitus with important public health consequences in future years. Am J Epidemiol 1997;146:214-22. body weight; cohort studies; diabetes mellitus; obesity; risk factors; weight gain
characteristic of impaired glucose tolerance and NIDDM (3) . Insulin resistance is characterized by a reduction in the number and function of insulin receptors and by a disruption of the postreceptor cascade of events. In addition, obesity is often associated with increased insulin production by pancreatic cells. Perhaps as a function of the duration and magnitude of obesity, further deterioration in glucose homeostatic mechanisms occurs when /3-cells become glucose incompetent and clinical diabetes develops (4, 5) . Also, elevated levels of free fatty acids in obesity may increase hepatic glucose production (3) and play a role in the insulin resistance of target tissues and decompensation of /3-cells (5), thus promoting NIDDM.
Various measures of being overweight, such as relative weight, body mass index, and body fat distribution, have repeatedly been shown to be risk factors for NIDDM (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . However, the relation of weight change and risk for diabetes has been less well studied. Although an earlier study showed that weight loss was associated with increased risk for diabetes (17) , more recently, prospective studies in select populations have showed that weight gain was associated with increased diabetes incidence in retired adults living in Rancho Bernardo, California (18) , male college alumni (13) , male health professionals (15) , Pima Indians (19) , and female nurses (16) . Furthermore, the last study also showed that weight loss was associated with a reduced risk for diabetes.
To our knowledge, however, the relation between weight change and diabetes incidence has not been reported from a nationally representative sample of US adults. We used such a nationally representative sample to estimate the association between weight change and diabetes risk as well as the population attributable risk in the United States population. In addition, we examined evidence that the association between weight change and diabetes varies by age, sex, and race.
MATERIALS AND METHODS
A cohort of 14,407 persons who were 25 years of age or older at the First National Health and Nutrition Examination Survey (NHANES I) baseline examination between 1971 and 1975 have been followed through 1992. The methods of the original NHANES I survey and the subsequent NHANES I Epidemiologic Followup Study (NHEFS) have been presented in detail elsewhere (20) (21) (22) (23) (24) (25) .
Within this cohort, we examined the relation between weight change that occurred between the baseline examination conducted from 1971 through 1975 and the first follow-up examination in 1982-1984 and the incidence of diabetes mellitus that occurred during the ensuing years through 1992. Using three data sources (questionnaires, institutional records, and death certificates), we identified study participants who developed diabetes from 1982-1984 through 1992. The date of onset was considered to be the earliest occurrence of diabetes determined from these three sources.
From questionnaires, diabetes was identified from affirmative self-or surrogate responses to the following question: "Did a doctor ever tell (you/him/her) that (you/he/she) had diabetes or sugar diabetes?" This question was asked in 1986 (for participants who were 55 years of age or older), 1987, and 1992. Respondents were then asked to report the year when participants had first been told that they had diabetes. We assigned the midpoint of the reported year of onset of diabetes as the date of onset.
Participants were asked about hospitalizations during the study period. If any were reported, permission was obtained to abstract certain data, such as admission and discharge dates and diagnoses. Medical records had been recorded by trained medical coders using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), codes.
We used the ICD-9-CM code 250, diabetes mellitus, to identify deaths from any of the causes of death or hospitalizations listed among any of the 10 possible diagnoses that were abstracted from the hospital discharge summary or medical records facesheet.
Deaths were identified through searches of the National Death Index and the Health Care Financing Administration enrollee files and through other tracing mechanisms. A participant was considered deceased only if a death certificate had been received or a proxy interview had been completed to verify the death. Death certificates have been obtained for 97 percent of deceased participants through 1992.
Participants who were identified as having diabetes from the baseline or first follow-up interview in 1982-1984, who from a later interview were identified as having diabetes with a date of diagnosis prior to the first follow-up interview, or who had a hospitalization listing the ICD-9-CM code 250 were excluded from the analyses.
Weight was measured at baseline (1971) (1972) (1973) (1974) (1975) and during the first follow-up in 1982-1984. At baseline, participants were weighed on a self-balancing scale that recorded the weight to within 0.25 lb (0.114 kg) under controlled conditions in mobile examination trailers. Examination clothing consisted of disposable paper uniforms and foam-rubber slippers. The weight of the examination clothing was not subtracted from the participants' measured weight, but it varied between 0.2 and 0.6 lb (0.09 and 0.27 kg, respectively). At follow-up, participants were weighed at home. After removing their shoes and any extra articles of clothing, such as heavy sweaters or jackets, participants were weighed on a portable spring scale. Each scale was used for 40-50 participants before being returned to the survey center for routine maintenance and calibration. If the first weight was considered faulty, a second measurement was obtained. Because of limitations of the scales, weights were recorded only up to 300 lb (136.2 kg). After excluding participants with weights over 300 lb from the analysis (n = 9), we calculated the weight change that occurred from baseline (1971) (1972) (1973) (1974) (1975) until the first follow-up interview and examination (1982) (1983) (1984) .
All covariates included in the analyses were derived from the baseline examination and interview and included age, race (black, white), education (years), cigarette smoking (never, former, current), systolic blood pressure (mmHg), antihypertensive medication (yes, no), serum cholesterol (mg/dl), baseline body mass index (weight (kg)/height (m)
2 ), and alcohol consumption (0, 1-2, S3 drinks per day). Because of the small number of survey participants with a race designation other than white or black (n = 172), we excluded them from the analysis. For smoking, we used a variable that was constructed in part from responses obtained during the baseline interview and in part from the first follow-up interview. The validity of this approach has been previously demonstrated (26, 27) . One blood pressure measurement had been obtained, in the sitting position, for some participants and two had been obtained for a subgroup of participants. We used only the first blood pressure. One cholesterol measurement had been obtained using a modification of the Abell-Kendall method (25) . For some analyses, overweight was defined as a body mass index >27.3 kg/m 2 for men and >27.8 kg/m 2 for women.
Using the direct method, we adjusted rates of diabetes incidence by age using proportions of five age groups derived from the 1980 US population. To examine the independent association of weight change with diabetes incidence, we used proportional hazards regressions that included age, race, education, smoking status, systolic blood pressure, antihypertensive medication, cholesterol, baseline body mass index, and alcohol consumption. To examine the possibility of residual confounding, we examined additional models with squared terms added for continuous covariates; results for these models appear below. Follow-up time started with the 1982-1984 examination and ended when one of the following conditions occurred: 1) the participant became diabetic; 2) the participant left the study; or 3) the study ended. We performed all analyses presented here with the software SUDAAN, which incorporates the complex sampling design of the study (28) . To test the validity of the proportional hazards assumptions, we examined interactions between survival time and independent variables using the SAS procedure Proc PHREG (SAS Institute, Inc., Cary, North Carolina). For weight change categories not meeting the proportionality assumption, we calculated hazard ratios for various follow-up periods by stratifying the analyses on follow-up time. Population attributable risk (PAR) for variables with multiple categories of exposure were calculated using the formula
where p t is the proportion of the population in the ith exposure category and where /?, is the relative risk associated with exposure at level i (29) .
RESULTS
After we excluded participants for the reasons stated above, 8,545 participants, of whom 487 were considered incident cases of diabetes, were included in the analysis (table 1) . Of these incident cases, 313 were identified from interviews (276 subject interviews and 37 proxy interviews), 144 from institutional records (138 from hospital records and six from nursing home records), and the remaining 30 from death certificates.
To examine the possible impact of excluding participants who were lost to follow-up and who had incomplete data records, we compared the distributions of categorical variables and means of continuous variables with those of participants included in the analyses. Participants who were included in the analysis were more likely to be older, to be white, and to have graduated from high school and less likely to have used antihypertensive medication than those in the other two groups. The distributions of body mass index and alcohol consumption were similar for the three groups. In addition, participants who were included in the analysis were more likely to be male, to have a cholesterol level of <200 mg/dl, or to have a systolic blood pressure reading of <140 mmHg than those who had missing data and were less likely to be current smokers or to have a systolic blood pressure reading of < 140 mmHg than those who were lost to follow-up.
Participants who developed diabetes during the follow-up period were older and were more likely to be black, have lower educational attainment, have higher blood pressure, and be overweight at baseline than those who did not develop diabetes (table 2) . In addition, the mean weight gain for participants who developed diabetes was greater than that for participants who did not develop diabetes.
As shown in a previous analysis of these data (14), the baseline body mass index was positively related to diabetes incidence (table 3) . A small, nonsignificant increase in risk was present for participants with a 9-14.4) .
Using the hazard ratios adjusted for multiple confounders from table 3 and body mass index category proportions derived from the Second National Health and Nutrition Examination Survey (NHANES H) for the 25-to 74-year-old US population, we calculated the population attributable risk of diabetes for body mass index to be 68 percent during the period of this study. Performing a similar calculation with body mass index data from phase I of the Third National Health and Nutrition Examination Survey (NHANES HI), we calculated that the population attributable risk was 72 percent.
Among the entire cohort, weight gain was associated with increased risk for diabetes, whereas weight loss was associated with a statistically nonsignificant, decreased risk of diabetes (table 4). In separate analyses, we found a 4.5 percent (95 percent CI 3.3-5.9) change in risk for every kilogram of change in weight. Because the analyses suggested that the proportionality assumption was not met for the most extreme category of weight gain, 20 kg or more, we calculated the hazard ratios as a function of follow-up time by dichotomizing follow-up time. For participants who gained 2:20 kg, the hazard ratio was 0.63 (95 percent CI 0.17-2.30) during the first 4 years of the follow-up period and 5.98 (95 percent CI 3.08-11.62) during the remaining years.
We found no statistically significant interactions for weight change with age, sex, or race, suggesting that the risks for diabetes as a function of weight change were similar among various age groups, among men and women, and among whites and blacks. For example, hazard ratios for the 30-to 55-year-old group differed only slightly from those of the full sample, and the shape of the hazard ratio versus weight change curve is similar for the two samples. Using the hazard ratios from table 4, which are adjusted for multiple confounders including baseline body mass index and estimates of weight change prevalence from this study, we estimate that the population attributable risk was 27 percent for weight change during the study period. The estimate was calculated using the stable weight gain as the reference category. Thus, we estimate that about 27 percent of new cases of diabetes could have been avoided if, by avoiding weight gain, the incidence rates of diabetes among people who gained weight could have been reduced to those of people who maintained relatively stable weights.
Because the Spearman correlation coefficient between baseline body mass index and weight change was about -0.23, we explored the relation among baseline body mass index, weight change, and subsequent risk for developing diabetes mellitus further by running separate proportional hazards models for participants stratified by baseline body mass index (<25 kg/m 2 , 25-<29 kg/m 2 , and >29 kg/m 2 ) (table 5) . In general, hazard ratios were similar for the weight gain categories, whereas some variation in the hazard ratios for the weight loss category appeared to exist despite overlapping confidence intervals.
DISCUSSION
Consistent with other studies conducted in special populations, our results, which are based on a national sample of adults, show an increased risk for developing diabetes with weight gain (13, 15, 16, 18, 19) . The magnitude of the risks associated with weight gain from our analysis is more consistent with those reported from the Rancho Bernardo Study (18) and the University of Pennsylvania Alumni Study (13) than with the very large risk estimates reported in the Nurses' Health Study (16) and the Health Professionals' Study (15) . Differences in study methodology, such as sample size, ascertainment of endpoints, weight measurement, demographic composition of samples, data analysis, and the period of weight change, can perhaps account for our lower risk estimates. A potentially important difference is that weight was measured directly in our study, whereas it was self-reported in the Nurses' Health Study and the Health Professionals' Study. In addition, we controlled for body mass at entry into the study in contrast to the most recent analysis of the Nurses' Health Study that controlled for body mass index at 18 years of age (16) .
The association between baseline body mass index and skinfolds and diabetes incidence through 1987 in the NHEFS was previously reported by Lipton et al. (14) . Although our results are very similar, our analysis differs in several aspects from the earlier analysis by extending the follow-up time through 1992, by using body mass index cutpoints similar to those from the Nurses' Health Study (16) , and by using survival analysis rather than logistic regression. More importantly, we focused primarily on the association of weight change and diabetes incidence. The shape of the baseline diabetes risk curve as a function of baseline body mass index, using the same body mass index categories, was very similar to those reported by Colditz et al. (16) except that the magnitude of our risk estimates was consistently lower.
Our study is subject to several limitations. The definition of diabetes was based on data from questionnaires, institutional records, and death certificates. Although death certificates may capture only about one third to one half of all deaths among persons with diabetes (30) , and hospital records capture about 60 percent of their hospitalizations (31), good agreement has been reported between self-reported diabetes from interviews and other sources of data (13, 32) . Thus, it is probable that we underestimated the number of incident cases of diabetes and the incidence rates. The hazard ratios may be accurately estimated if similar proportions of participants with diabetes were misclassified across all body mass index and weight change categories. Because the association between obesity and diabetes was well established, those participants who were leaner or gained smaller amounts of weight may have been less likely to have had diabetes detected, resulting in overestimates of the hazard ratios. However, results from NHANES II among persons without a diabetic parent showed that diabetes had been diagnosed among a larger percentage of nonobese participants (47.3 percent) than among obese participants (41.9 percent) (33) . In addition, the use of body mass index to determine obesity has often been criticized because of the inability of this measure to discriminate between weight from body fat and weight from other body structures such as muscle and bone mass. The likely effect would have been to underestimate the association between weight change and diabetes incidence. Nevertheless, body mass index is a commonly used measure that has been strongly related 0.46-1.40)  1.13(0.72-1.80)  1.00  2.11 (1.40-3.18)  1.19(0.75-1.89)  2.66(1.84-3.85 to adiposity and strongly predictive of risk of future disease (34) .
Furthermore, we were unable to control for other confounders such as family history of diabetes or genetic susceptibility. Even though a crude measure of physical activity had been obtained at the baseline and first follow-up interviews, we did not consider these variables to be sufficiently sensitive to allow examination of any interaction between changes in physical activity and body mass index on the incidence of diabetes. Because participants had not been systematically tested for glucose intolerance, it is possible that weight change could have occurred after the onset of subclinical diabetes. If weight gain occurred after the onset of diabetes, hazard ratios were likely overestimated. If weight loss occurred after the onset of diabetes, hazard ratios were likely underestimated. Finally, we were unable to separate persons with insulindependent diabetes mellitus from those with NIDDM. However, because insulin-dependent diabetes mellitus usually has an early onset (35), we believe that the vast majority of incident cases of diabetes were NIDDM.
With the more recent reports, a solid body of evidence has confirmed the increased risk in diabetes incidence associated with weight gain. More data are needed to determine the effect of lifetime weight patterns on the risk for NIDDM. For example, results from the Rancho Bernardo Study suggested that being underweight as a child or teenager was associated with increased risk for diabetes (18) , and lifetime maximum weight may be a better predictor of diabetes incidence than current body weight (1) .
In summary, we found that weight gain over a 10-year period was strongly associated with increased risk for diabetes. In light of the last decade's increase in the proportion of the population that is considered overweight and the possibility that the rate of increase in overweight may be accelerating (36, 37) , future increases in the incidence and prevalence of diabetes are likely. The induction time for obesity-related diabetes is not well known, but our study shows that within 10 years of weight gain, increases in diabetes incidence can occur.
Our data suggest that, for every kilogram of increase in weight, the risk for diabetes increases by 4.5 percent. Consequently, the average weight gain of 3.6 kg recorded from NHANES U to NHANES m (36) could theoretically result in an approximately 16 percent increase in the incidence of diabetes by the year 2000 compared with that in 1990. This estimate is consistent with an 18 percent increase in risk for diabetes for each unit increment in body mass index reported by Helmrich et al. (13) .
The US population is losing the battle of the bulge despite current public health programs and a multibillion dollar per year weight loss industry. The difficulty
